In this article, the joint detection in uplink are studied in Massive MIMO (Massive Multiple-input Multiple-output) system. This article will combine several precoding techniques such as ZF (Zero Force), MMSE (Minimum Mean Square Error), BD (Block Diagonalization) in interference estimation and propose a new structure for joint detection in uplink based on 5G simulation test platform of NCRL (National Mobile Communications Research Laboratory of SEU). Finally, this article will analysis feasibility of the new structure and give out simulation results.
Ⅰ. INTRODUCTION
The last ten years have seen a huge growth in information rate and device connection numbers, New demand is proposed in wireless communication system. As Massive MIMO technology has been researched widely in both Academia and industry, it has become the key technology in next generation wireless communications.
In massive MIMO system, various precoding and detection techniques has been restudied and revised to satisfy the demand of reasonable complexity for Massive MIMO system [1] . In [2] and [3] , hybrid precoding and adaptive singular value decomposition (SVD) is proposed respectively. The two-step algorithm which contains QR and bi-diagonalization method is introduced in [4] . The 5G simulation test platform of NCRL(SEU) also use the two-step algorithm to decompose the multi-user MIMO channel into Multiple single-user channels. The specific principle is Explained in the Sec.Ⅱ of the article.
It is known that joint detection can greatly alleviate the issue of pilot contamination [5] [6] . Joint channel estimation and data detection is researched in [7] [8] . In this article, a typical TDD (Time Division Duplexing) is considered since TDD massive MIMO system can exploiting channel reciprocity. The channel estimation from uplink can be used in downlink data transmissions in TDD system.
In this paper, we propose a novel joint interference estimation and data detection in massive MIMO systems with general constellation. We show the improvement of proposed structure beyond NCRL 5G simulation test system [9] . The rest of this article is organized as follows. Section Ⅱ presents the system model, Section Ⅲ introduces the novel receiver structure and analyzes the 1 computational complexity. Section Ⅳ shows the simulation results and conclusion.
Ⅱ SYSTEM MODEL
This article considers the uplink of a MU-MIMO system. The cellular scene is a single base station serving K UEs simultaneously. In this system, we assume that the uplink and downlink has reciprocity ( T DU  GG ). According to [10] , the following precoding scheme is used. We first calculate zero force precoding:
ZF precoding forces the interference of other users to zero, at the same time, MMSE precoding is given by:
Where d P is the average SNR, then make QR decomposition toˆk
Where ˆk Q is a Unitary orthogonal matrix, ˆk R is an upper triangular matrix, then we have
ˆk Q is the precoding matrix which satisfies the principle of BD precoding algorithm. We can do QR decomposition to all the ˆk G one by one, then we can get the interference suppression matrix of downlink.
The interference suppression matrix has the ability to diagonal blocks, the specific property is as follows.
It can be seen that after BD multi-user precoding, the interference between multiple users is eliminated. Next, we can make SVD decomposition to matrix
From (7)- (8), we can know that the downlink single-user precoding matrix is k V and the uplink single-user precoding matrix is k  U . As for joint detection. [11] proposed a new Low-Complexity iterative detection for overloaded multiuser MIMO system. Iterative algorithm of soft interference cancellation is studied in [12] [13] [14] . In this paper, the LMMSE-ISDIC algorithm is used in data detection unit. If we know the priori information of transmitted signal, the mean s and variance matrix V of transmitted signal can be calculated. If the priori information is unknown, we can set them to 0 and 1 respectively. The detection value of the kth sending symbol is
From the view of uplink joint receiver, the received signal can be expressed as
Where
is the uplink multi-user channel matrix.
When combining precoding matrix and channel matrix. We can rewrite (10) as follow.
Redefining T IS, kk  y W y , we reconsider the receive signal as
If the system has no channel estimation error, we have the next formula.
Let
Formula (9) can be expressed as
The mean and variance of sending signals can be calculated by (17) Where S is the set of modulated symbol.
Ⅲ. RECEIVER STRUCTURE
In traditional receiver structure, there is no information interaction between the detection unit and the interference estimation unit. In fact, the extra information obtained by the detection unit can facilitate the interference estimation unit to better estimate the inter-user interference and eliminate them. The same idea is used between channel estimation and data detection in [15] [16] . In this paper, the external information exchange exists among data detection and interference estimation. The overall framework is as below. As fig 1 clarifies , receiver firstly obtains the channel estimated value at the pilot point by sending the frequency-domain pilot sequence and uses a certain interpolation algorithm to obtain the initial estimated channel value at the entire frequency point, the initial estimated channel response values are then used for detection. Then send the judged symbols back to the interference estimation unit. The interference estimation unit can use the received signal and the reconstructed sending signal to re-estimate the channel matrix [17] . In this paper, we use Least-Square algorithm to estimate channel and use (1)- (5) (18) Where s is the sending sequence and y is the corresponding received sequence, * s is the conjugation of s . In joint iterative interference estimation and signal detection algorithm. The base station firstly uses pilot reference signal to estimate multipath fading channel information approximately and the demodulator use the estimated CSI (Channel State Information) to demodulate the received signal. There exits errors in demodulation due to ISI and ICI in pilot reference signal. The interference term of pilot can be eliminated by reconstructing the transmit signal and exchanging information between the two units. Thus, the joint algorithm can enhance the accuracy of detection.
The LMMSE-ISDIC detection algorithm has to do a matrix inversion operation in every single iteration. The complexity of LMMSE-ISDIC in single iteration is approximately   3 t
ON
. While LMMSE-ISDIC is an iterative algorithm and need to calculate symbolic probability, prior mean and variance.
[18] gives the deep research about it. But its complexity maintains at  
Which is suitable for hardware implementation.
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Ⅳ. SIMULATION AND CONCLUSION
The simulation environment of this paper is similar to SCME Urban micro-cell, it has six clusters, each cluster delay and power are in tableⅠ. This paper considers one base station in one cell and the base station serves 16 UEs simultaneously, each UE has 8 antennas, Correspondingly, the base station has 128 antennas, the number of each user data stream is 4. The modulation type is QPSK. Assume that users are evenly distributed around the base station. The number of iteration in LMMSE-ISDIC is 7 and the number of overall iterations between detection unit and interference estimation unit is 2.
This paper gives the BER (Bit Error Rate) and system achieve rate in uplink when the speed of UE is 3km/h and 30km/h. The achieve rate is calculated by data blocks, each data block of user contains 2400 information bits. The ZF precoding uses (1) to eliminate inter-user interference while the MMSE precoding uses (4). The original curves use ZF precoding and MMSE detection algorithm with no iteration. The ISDIC curves use LMMSE-ISDIC iterative detection algorithm with no overall iteration. Then the WIS+ISDIC curves use MMSE precoding, LMMSE-ISDIC iterative detection and has overall iteration between interference estimation unit and detection unit. The curve ISDIC(MMSE precode) is equal to WIS+ISDIC(iter=0). The results are as follows.
(a) (b) Figure 2 . System performance when speed is 3km/h.
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(a) (b) Figure 3 . System performance when speed is 30km/h.
From the simulation results, we find that MMSE precoding performs better than ZF precoding and ISDIC algorithm exploits iteration to enhance performance, which can improve 0.3-0.7 dB in bit error rate at With the mobile speed increases, the doppler-frequency becomes larger, which will cause severe deterioration to the system. It is important that the overall iteration between interference estimation unit and detection unit can greatly improve system performance at the cost of complexity since it can exchange information among different units. Each iteration can provide approximately 2 dB gain at BER is To reduce system complexity, we set the number of overall iteration to a relatively small number and it can still create a good performance gain. The convergence of iteration and the performance of the whole system with decoder will be discussed in future works.
